The procedures using Fuller** earth for the specific determination of creatinine were further simplified without loss of reliability. For routine purposes, deproteinization can be omitted if lipemic sera are excluded. The modification with deproteinization is recommended as a candidate for a selected method. Good correlation with an enzymatic procedure and the lack of relevant interference indicate a high analytical specificity.
Introduction
New modifications of known procedures are constantly being developed for the determination of creatinine in serum. In the recent years these methods have been based on either Grafnetter's modification (1) of Slot's fading fraction procedure (2) , or one of the various adsorption techniques. Several years ago Knoll & Stamm (3) published a care* ful study on a slight modification of Öwen 9 s procedure (4) for the determination of the serum creatinine concentration. This method uses Fuller's earth to adsorb almost all creatinine from an acid tungstate filtrate according to Fotin &. Wu (5) . The results received are considered to be rather specific ("true creatinine"). The Dutch Society for Clinical Chemistry recommends an abbreviated procedure omitting the deproteinizatiori (6) . A similar procedure was suggested by Knoll & Wisser (7) also requiring five pipetting steps.
Recently Lanser et al. (8) reported that the Dutch method results in approximately 10% higher values than with the enzymatic method of Wahlefeld (9) . No explanation was offered for this discrepancy.
In the present study, simplicatipns of the method of Knoll & Stamm and of Knoll & Wisser are suggested which need less sample volume and fewer pipetting steps. In the former procedure, oxalic acid has been replaced by HC1. Both modifications were then compared with the original procedures, the fading fraction and an enzymatic method. It was intended to find out which modification applying Fuller's earth is best suited to be recommended as a candidate for a selected method. Furthermore it was investigated whether urine samples should be treated with Fuller's earth before performing theJaffe reaction (10) , since unexplained high creatinine clearance values were found in specimens from several patients.
034O-076X/80/0018-0385S2.002. The standard solution (8.84 mmol/1) is identical to the creatinine stock solution decribed above.
Methods
The following procedures were applied in the present study: Method No. 1 (with deproteinization and adsorption of creatinine to Fuller's earth) was performed exactly s described by Knoll & Stamm (3 
Recovery experiment
The recovery of creatinine added to various serum samples was calculated from the results of the following assays: 1. 9.0 ml bidist. H 2 O + 1.0 ml creatinine solution, 2. 9.0 ml serum + 1.0 ml creatinine solution, and 3. 9.0 ml serum + 1.0 ml bidist. H 2 O. The recovery is 100%, if the creatinine concentration of assay (2) equals assay (1) + (3).
Statistical procedures
The function of the linear regression, the coefficient of correlation and the standard deviation were calculated by conventional methods (15, 18) . In addition, the regression line was compared with the standardized principle component (14, 15) , which permits both variables (X| and yj) to be measured with random errors.
Results and Discussion

Imprecision
All methods with Fuller's earth were performed with comparable between-days imprecision (tab. 1). The coefficient of variation varied from 1.8 to 5.9%. The procedure of Knoll & Stamm yielded the highest imprecision, which, however, was still lower than with the enzymatic method.
Inaccuracy
The creatinine concentration was determined in various unselected serum samples. The original method of Knoll &Stamm (3) correlated well with the simplified version proposed above as method No. 2 ( fig. la, b) . Therefore, the latter was preferred for further experiments.
Tab. 1. Precision of the creatinine determination in control sera. 5 ) and with an enzymatic procedure ( fig. 6 ). From the graphical presentation in figure 6 it can be seen that the standardized principle component better describes the scattering of data caused by the variation of both methods than the regression line. All lines were drawn through the ordinate to demonstrate the difference between intercepts.
Recovery experiments showed between 95.5 and 104% recovery of creatinine (tab. 7).
From the results presented so far, method No. 2 was considered as a candidate for a selected method. Therefore, an extensive interference study was undertaken. 
Interferences
Several commonly used drugs were added to human pool-serum (tab. 8) in relatively high concentrations which presumably cannot be expected under therapeutic conditions (17, 18) . Nitrofurantoin was the only substance with significant interference. This drug is rapidly excreted into the urine and, therefore, does not accumulate in the blood under therapeutic conditions. Maximal concentrations reported are 5.5 mg/1 (19) which did not lead to a measurable absorbance with the method proposed above (tab. 9). Several further substances which have been shown to interfere with iheJaffe reaction have also been studied (tab. 9). Pyruvate and 2-oxoglutarate caused a slight positive interference only in method No. 2 and at unphysiologically high concentrations. The novaminsulfone effect is only of theoretical interest, because this substance is rapidly metabolized and cannot be measured in significant blood concentrations (20) . they are usually subjected directly to the Jaffe reaction without prior deproteinization or adsorption to Fuller's earth. However, we regularly noticed samples in which the creatinine concentration was apparently overestimated if the adsorption step was omitted (tab. 11). Similar results were reported by Sadilek (22) . In 2 cases with three-to fourfold falsely elevated values (in the absence of the absorption step) the reason could be identified. One patient suffered from alcaptonuria, the other one was treated with a mefoxitine monotherapy (cephalosporin, Sharp & Dohme). Cephalosporin antibiotics are also reported to interfere with the creatinine determination in serum procedures without a Fuller's earth separation step (23) . If motor-driven dispensers are used, the tungstate solution and sulfuric acid can be dispensed simultaneously. Premixing of both reagents is only possible if the mixture is used immediately, but this is not recommended under routine conditions.
Conclusion
The Knoll & Stamm modification of Owen's procedure for the determination of the creatinine concentration in serum was further simplified, reducing the pipetting steps and improving precision. The omission of deproteinization leads to a loss of accuracy.
Although this modification correlates very well with the fading fraction and the enzymatic procedure, these methods either require more labour time or are less precise. Therefore, the modified procedure with deproteinization and adsorption of creatinine to Fuller's earth can be considered as a candidate for a selected method according to Stamm (24) .
